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ALUMINUM 


FOREWORD 


This is a book of formulas, factors, and tables for the 
designer, engineer, purchasing agent, shop foreman, pro- 
duction manager, and executive. It contains tables of area 
and weight of aluminum alloy mill products, conversion fac- 
tors, and a variety of useful formulas. It is intended as a 
reference tool that will provide easy access to the most used 
mathematical formulas. The ‘nformation is presented in its 
most practical form for the greatest number of users. 

The size of the book permits it to be easily stored for 
convenient use. The edge indexing allows ready reference to 
subject matter by visual tie-in with the table of contents. 
Formulas have been reduced to their simplest practical form. 

The content of this handbook has been restricted to 
standard mathematical subject matter with the exception of 
density data and tables of gages. 

Properties and specifications of aluminum alloys will be 
found in "Aluminum Standards and Data," published by 
The Aluminum Association. Structural design formulas and 
computations are contained in "Structural Aluminum Design,’ 
published by Reynolds Metals Company. 

Comments and suggestions on the content, format, and 
usefulness of this handbook will be appreciated as guides for 
future editions. 
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FORMULAS FOR SOLIDS 


Cube 


Surface Area 
A=6s? 


~ Volume 


V=s3 


Diagonal 
D =1.7321s 


Surface Area 
A=2(ab +be+ac) 


Volume 
V =abe 


Diagonal 
= /#tPTe 


Right  - Cylinder 


Surface Area 
} A =1.5708 d (2h+d) 
A Volume 
V =.785407h 


Frustrum of Right “a Cylinder 


r Lateral Area 


A =3.1416 r (h+h:) 


Area of Top Section 


i Phy Ne 
“ae aqsasiery/P+(“5") 

| ha Area of Base 

A =3.1416r? 


Volume 
V =1.5708r2(h +h:) 
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FORMULAS FOR SOLIDS—continued 


Right Regular Pyramid 


TA 


| 


Se 


Right Regular Cone 


i 


Frustrum of Right Regular Pyramid 
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Frustrum of Right Regular Cone 


Surface Area 
A=Ynbl+AB(area of base) 


Volume 
V=W%ABh 


Surface Area 
A =1.5708d (.5d +1) 


Volume 
V =.2618d?h 


Surface Area 
A=%nlk(b+b:) + AB+AT 


Volume 
V=\%h (AB+AT+~V/ABAT) 


Surface Area 
A =.3927[d? +d? +41(d +d:)] 


Volume 
V =.2618h (d?+dd:+d.’) 


FORMULAS FOR SOLIDS—continued 


Sphere 


Sector of Sphere 


Zone of Sphere 


Surface Area 
A=8.1416d? 


Volume 
V =.5236d? 


Surface Area 
A =1.5708 r (4h+¢) 


Volume 
V =2.0944r°h 


Surface Area of Top Section 
A =6.2832rh or 
A =.7854 (4h?+c?) 


Total Surface Area 
A =1.5708 (2h?+¢’) 


Volume 
V =1.0472h? (8r—h) or 
V =.1318h (8¢?+4h?) 


© 


Area of Spherical Surface 
A =6.2832rh 


Total Surface Area 
A =.7854 (8rh+c?+¢1’) 


Volume 
V =.1318h (3¢e?+38e,?+4h’) 


FORMULAS FOR SOLIDS—concluded 


Torus 


Surface Area 
A=39.478rn: 


Volume 
V =19.739r'r, 


Volume 
V =.5286abe 


Volume 
V =.3927ab? 


TRIGONOMETRIC FUNCTIONS 


B 
e 

a 

A £ 
b 


Fundamental Trigonometric Functions 


sin i ese ae 
¢e a 
cos ren sec hae 
¢ b 
tan Am? cot anf 
b a 


Functions of one angle 


gin?A +cos?A =1 
sec?A —tan?A =1 
es?A—cot?A =1 


Functions of the sum of two angles 


sin (A+B) =sinA cosB-+cosA sinB 
cos (A+B) =cosA cosB—sinA sinB 


tanA 
tan (A+B)= Sea tan 
eotA cotB—1 
cot (A+B) = “Cot + cotA 


Functions of the difference of two angles 


sin (A—B) =sinA cosB—cosA sinB 
cos (A—B) =cosA cosB+sinA sinB 
tanA—tanB 
= pes eee 
tan (A—B)= T-+tanA tanB 
= eotA cotB+1 
cot (A—B)= eotB—cotA 


Functions of one-half an angle 


sin A _sinA _ = 2 4/ ost 1 [—cosA 


~Zeos Beos 4A 
wk eee = + 4/ Ltooet 1 ak 
cos A =dsin asin 4A 
bikes 1—cosA _ aa 
aia sinA - 1+cosA 


cot A= +4 1+ co cosA 
1 — cosA 


TRIGONOMETRIC 


FUNCTIONS —concluded 


Functions of twice an angle 


sin2A = 
cos2A 
tan2A 
« 
cot2A 
* 
Functions of three times an angle 
sin3A =3sinA —4sin*A 
cos3A =4cos?A—3cosA 
tan3A _ 3tanA—tan®A 
Se = Stan2A 
oe cotsA—3cotA 
cots A = ———_—-—_— 
3cot?—1 
FPunctions— Relationships 
sinA = 
osA = 
tanA = 
cotA = 
secA = 
escA = 


3 A 
2 sinA cosA = tk 
= cos?A —sin?A = 1—2sin?A 
1—tan*A 

=2co?A—1= Tttan’A 
__2tanA_ _ sin3A—sinA 
~1—tan?A cos3A +cosA 
_ co?A—1 
~ 2eotA 


Functions of angles squared 


eit ce 1—cos2A 
, 2 

ashi = 1 —S 
1—cos2A 

C1. \ oe ioe 
ae 1+cos2A 
1+cos2A 

2A ee 
oo 1—cos2A 


sin?A —sin?B =sin (A+B) sin (A—B) 
cos?A —sin?B = cos (A+B) cos (A—B) 


oss = eat =cosA tanA =1/1—cos?A 
see = =y=sina cotA =+/1—sin?A 
= = <= sinA secA 

“= =a =cosA escA 

tanA_ 1 

sinA cosA 

cotA 1 


sinA sinA 


sinA +sinB =2sin'4 (A+B) cos4 (A—B) 


sinA —sinB =2cos!4 (A+B) sin (A—B) 


cosA +cosB =2cos% (A+B) cos}4( A—B) 
cosA —cosB = —2sin 4 (A+B) sin'4 (A—B) 


_ sin (A+B) 
tanA +tanB — cosA cosB 

_ sin (A—B) 
tanA—tanB = oA ee 

_ sin (A+B) 
eA OA gi 
cotA — cotB = sin (B—A) 


sinA sinB 


Ol 


Table 1. PROPERTIES OF VARIOUS CROSS SECTIONS 


Distance from 
Centroid to 


Extremity of Moment Radius of 
Area Section of Inertia Section Modulus Gyration 
A Cc I =1/C k=VI/A 
it 
a b? bb 0833b* 167b* 289b 
rar 
Sean 
yz 
b? .7071b .0833b* .1178b? .289b 
p—b:? bb 0833(b!—b:') 167(b*—b:') 289\/be tbe 
b 
b?—b? .TOT1b .0833(b4—bi') 2894/b?-+b2 


1178(b*—b!) 
wea. 


Table 1. PROPERTIES OF VARIOUS CROSS SECTIONS (Continued) 


Distance from 
Centroid to , : 
fixtremity of Moment Radius of 
Area Section of Inertia Section Modulus Gyration_ 
C I Z=1/C k= VI/A 
bh 5h (y1) .0838bh* 167bh? (y1) .289h 
1-- th (y2) ae 
2 
d ; = 2 
ot (y,) ba( #5 +4") 
oe | | 
4 bh bh bh? bh? bh 
167 =a 167 SS 408 
VD ie Vb? +h? (b?-+h*) Vb? +h? 08 beh 
‘ Oo 
bh 0833bh (h? cos?a +b? sin’) 289+/h? costa +b? sina 
.5(h cosa +b sina) 
0833 b (h°—h*) 167 b (h°—h:‘) 289 / s—h;! 
h ; h—hi 


Lt 


Zl 


Table 1. PROPERTIES OF VARIOUS CROSS SECTIONS (Continued) 


Distance from 
Centroid to 
Extremity of Moment Radius of 
Area Section of Inertia Section Modulus Gyration 
A I Z=1/C k=VI/A 
| 
:e, .5bh .667h | .0277bh3 .0417bh2 .236h 
ee 
b 
Laie .5bh .667h | .02083hb .0417hb? .204b 
h—+| 
mes 
2b+hbi b?+4bb:+b?2 236h /b?+4bbi +b? 
f bh (b-+b 38h (ae i F aa) 236h Vb? +4bbi bi’ 
h ori) b+hi yen b+b: b+b, 
b?+4bb: +b? 
0888 nob +b: ) 
2.598b2 .866b .5418b4 .625b3 .456b 


Table 1. PROPERTIES OF VARIOUS CROSS SECTIONS (Continued) 


Distance from 


do 


Centroid to : : 
Extremity of Moment Radius of 
Area Section ¢ Inertia Section Modulus Gyration_ 
A Cc I Z=1/C k=VI/A 
2.598b* b .5413b* .5413b5 4A56b 
.8284a? 5a | .0547a* 1095a$ .257a 
| 
eal | 
3.1416r? r .7854r* .7854r3 
.7854d2 bd .04908d! .09816d! 25d 
.7854 (d.2—di?) 5do .04908 (d.*—di*) .09816 (d.t—d;*) 25 Vd2+d? 


el 


vi 


Table 1. PROPERTIES OF VARIOUS CROSS SECTIONS (Continued) 


a ——— 
Distance from | ; 
Centroid to | : 
| Extremity of Moment | Radius of 
Area | Section of Inertia | Section Modulus Gyration 
A | Cc | =I/C k=VI/A 
| | 
| | 
1.5708r? yi=.5756r I, =.1098r* | Z; = .1907r3 k, =.2643r 
| yo=.4244r I, =.3927r! | Zo = .9258r? ky =.5r 
eS (: 4 sin’a ) | 
= 6a—3 sin 2e 
br? (2a—sin 2a) (1) | (2) 
yicr (zt Site cose) | 
yao" \ fea ee 
Ye | yret (23) (3) | (4) 
3a 
sina 
yo=2r 3a 
.7854r? yi =.5756r .0549r4 Z, = .0954r3 .264r 
yo=.4244r Zo = .1294r? 


Gl 


Radius of 


Area Section Section Modulus Gyration_ 
Cc Z=1/C k=VI1/A& 
21 46r' = 223% 007TSr* Zz = .0097r® 18ir 
=.7766r 
6.2832rt r 3.14164r3t 3.1416r°t | -107r 
: 2 3.1416rt | .6366r I, = .2978rt Zy = 4678r°t k, =.308r 
: ona = Tr | 
2 = See 2 2 = 1.5708r't ky =.70ir 
ie Loy a-+sina cosa—2 sin?a 
ye ¢ 1 e +9 a a a a 
1 u = i 2art yi=r (is) I, =rt (« +sina cosa— 2S) rorg/ 2 
ee ; ig i 2a 
ike eae ; ee 
—— ya=r | ——— cosa I, =r*t (a—sina cosa) k,=r a 2 
[ea 


aed 


va 


ZI 


Table 1. 
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PROPERTIES OF VARIOUS CROSS SECTIONS (Continued) 


Distance from 


Centroidto : 
Extremity of Moment Radius of 
Area Section of Inertia Section Modulus Gyration_ 
A I Z=1/C k=VI/A 
- t 1.5708 (r2—r2) | -424 ‘ea gorret ) Ty =.3927 (rt—ri) 
T +r 2 a F 
1 ~ er 20 VJ r+ Tr? 
= 7854 (r?—r2) | 424 (ae meet ) I, =.1968 (r4—r;4) 
* t e ) bVP+T? 
1 wa: ons 
1 Th .7854bh 5h .0491bh3 .098bh? .25h 
b 
.7854 (bh—b;h,) bh I, =.0491 (bh?—byh,*) .098 (bh — byh,3) 


: LP 8 > sin: = 
2 ki =.5r4/ 14-05 COSa 
a@—SiNa COSa 
a 2 sin3 
k= .5r 4/1 2 SIN’a COSa 


(3) I=.25r4 (a+sina cosa—1.77 su =) 


I, = .25r4 (a—sina cosa) 


(4) kk 


ky 


sr 4/1 4 Sine ©0804 77 ae 


Sry/ 10H CcOSa 
a 


is sin®8a 


(2e—sin 2a)? 


3 (a—sina cosa) 


a 


sin? 


h 


bh?—bih 
ka = 25 4/ Pai bi bihi 


FORMULAS FOR ALUMINUM MILL PRODUCTS 


1. Outside Diameter of a coil. 


W +.07854d .? 


do= 07854 


W =weight of one inch of coil width 
d,=outside diameter 
d, =diameter of arbor 


2. Weight of each inch of coil width 
W =.07854 (d.2—d,?) 


W =weight of each inch of coil width 
d,=outside diameter of coil 
d,=diameter of arbor 


iow) 


. Weight of Rod 
W =.94248d? 


W =weight of one foot of rod (density .1 lb per cu in.) 
d =diameter of rod 


ENS 


. Weight of Round Tube 


W =.9425 (d,?—d;*) 
or 
W =3.77t (d,—t) 


W =weight of one foot of tube (density .1 lb per cu in.) 
d.=outside diameter 

d; =inside diameter 

t =wall thickness 


Weight of Square Bar (square corners) 
W =1.2s? 


W =weight of one foot of square bar (density .1 lb per cu in.) 
s=length of one side 


or 


6. Weight of Rectangular Bar (square corners) 
W =1.2ab 


W =weight of one foot of rectangular bar (density .1 lb per cu in.) 


a, b=length of sides of rectangle. 


7. Weight of Square Bar (round corners) 
W =1.2 (s?—.8584r?) 


W =weight of one foot of square bar (density .1 lb per cu in.) 
s=length of side (distance between flats) 
r =corner radius 


oe 


8. Weight of Rectangular Bar (round corners) 


10, 


Weight of Square Tube (square corners) 


FORMULAS FOR ALUMINUM MILL PRODUCTS 


W =1.2 (ab—.8584r?) 


W =weight of one foot of rectangular bar (density .1 Ib per cu in.) 
a, b =length of sides (distances between flats) 


W =4.8t (s—t) 
W =weight of one foot of tube (density .1 lb per cu in.) 


t = wall thickness 
s=length of one side 


Weight of Square Tube (round corners) 
W = 4.8t (s—.438r—.79t) 
W = weight of one foot of tube (density .1 lb per cu in.) 
t = wall thickness 


length of a side 
r «radius of corners (outside) 


Weight of Reetangular Tube (square corners) 
W = 2.4t (a+b—2t) 
W «weight of one foot of tube (density .1 lb per cu in.) 
a,b «length of sides 
( ~ wall thickness 


Weight of Reetangular Tube (round corners) 
W 2.46 (aeeb—.8584r—1.5708t ) 
W » weight of 1 foot of tube (density .1 lb per cu in.) 
a,b «length and width, overall 
re radius of corner 
( ~ wall thickness 


Woipght of Hexagonal Rod 
W © 1.0389D" 


W © weight of one foot of rod (density .1 lb per cu in.) 
1) «distance across flats 


Weight of Hexagonal Tube 
W © 4.156t (D—t) 


W «weight of one foot of tube (density .1 lb per cu in.) 
D «distance across flats 
{ = wall thickness 


19 
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Table 2, CIRCLES — AREAS 
ee ta 
maenon tle.) “% | %e | % | %e | * | Me | % | Me | % | Me! % | 1%] % | 6 
| | 
DIAMETER 
WHOLE NO. AREA — Square Feet 
(Inches) 

1 0069 | .0077 | .0085 | .0094 | .0103 | .0113 | .0123 | .0133 | .0144 | .0155 | .0167 | .0179 | .0192 .0205 

2 0246 | .0261 | .0276 | .0292 | .0308 | .0324 | .0341 | .0358 | .0376 | .0394 0412 | .0431 | .0451 | .0471 

3 -0533 | .0554 | .0576 | .0598 | .0621 | .0644 | .0668 | .0692 | .0717 .0742 | .0767 | .0793 | .0819 | .0846 

4 0928 | .0956 | .0985 | .1014 | .1044 | .1074 | .1104 | .1135 | .1167 | .1198 | .1231 | .1263 | .1296 | .1330 

5 -1433 | .1468 | .1503 | .1539 | 1576 | .1613 | .1650 | .1688 | .1726 1764 | .1803 | .1843 | .1883 | .1923 

6 2046 | .2088 | .2131 | .2173 | .2217 | .2260 | .2304 | .2349 | .2394 | .2439 | .2485 | .2531 | .2578 | .2625 

7 2769 | .2818 | .2867 | .2916 | .2967 | .3017 | .3068 | .3119 | .3171 | .3223 | .3276 | .3329 | .3382 | 3436 

8 3600 | 3656 | 3712 | .3768 | 3826 | .3883 | .3941 | .3998 | .4057 | .4116 | .4176 | .4236 | .4296 | .4357 

9 4541 | 4604 | 4667 | 4730 | .4794 | .4858 | .4922 | .4987 | .5052 | .5118 | 5185 | .5251 | .5319 | 5386 

10 5591 | .5660 | .5730 | .5800 | .5871 | .5942 | .6013 | .6085 | .6158 | .6230 | .6303 | .6377 | .6450 | .6525 

11 -6751 | .6827 | .6903 | 6980 | .7057 | .7135 | .7213 | .7292 | .7371 | .7450 | .7530 | .7611 | .7691 | .7772 

12 8019 | .8103 | .8185 | .8270 | .8357 | 8435 | .8522 | .8608 | .8694 | .8781 | .8867 | .8954 | .9040 | .9126 

13 9393 | 9488 | 9576 | .9668 | .9755 | .9849 | .9940 | 1.003 | 1.012 | 1.022 | 1.031 | 1.041 | 1.050 | 1.060 

14 1.089 | 1.098 | 1.108 | 1.118 | 1.127 | 1.137 | 1.147 | 1.157 | 1.166 | 1.177 | 1.187 | 1.197 | 1.207 | 1.217 

15 1.248 | 1.258 | 1.268 | 1.279 | 1.290 | 1,300 | 1.310 | 1.321 | 1.331 | 1.342 | 1.353 | 1.363 | 1.374 | 1.385 

16 1.418 | 1.429 | 1.440 | 1.451 | 1.462 | 1.473 | 1.485 | 1.496 | 1.507 | 1.519 | 1.530 | 1.542 | 1.552 | 1.565 

17 1.598 | 1.612 | 1.623 | 1.634 | 1.646 | 1.659 | 1.670 | 1.682 | 1.694 | 1.707 | 1.718 | 1.730 | 1.743 | 1.755 

18 1.791 | 1.804 | 1.817 | 1.829 | 1.842 | 1.854 | 1.867 | 1.879 | 1.892 | 1.905 | 1.918 | 1.931 | 1.943 | 1.956 

19 1.995 | 2.008 | 2.021 | 2.034 | 2.048 | 2.061 | 2.074 | 2.088 | 2.101 | 2.114 | 2.127 | 2.141 | 2.154°| 2.168 

20 2.209 | 2.223 | 2.237 | 2.250 | 2.264 | 2.278 | 2.292 | 2.306 | 2.320 | 2.334 | 2.348 | 2.362 | 2.377 | 2.391 


DIAMETER 
FRACTION (in.) 


DIAMETER 


WHOLE NO. 
(Inches) 


21 
22 
23 
24 
25 


26 
27 
28 
29 
30 


31 
32 
33 
34 
35 


36 
37 
38 
39 
40 


Table 2. 


2.448 
| 2.685 | 


2.932 
3.191 
3.460 


3.740 
4.031 
4.334 
4.646 
4.970 


5.305 
5.650 
6.007 
6.375 
6.753 


7.142 
7.543 
7.953 
8.376 
8.809 


| 2.463 | 2.477 | 
| 2.700 | 2.716 
| 2.948 | 2.964 
| 3.207 | 3.224 
3.477 | 3.495 
3.758 | 3.776 
4.050 | 4.069 
4.353 | 4.372 
4.666 | 4.687 
4.991 | 5.011 
5.326 | 5.348 
5.673 | 5.695 
6.030 | 6,052 
6.398 | 6.422 
6.777 | 6.802 
7.167 | 7.192 
7.568 | 7.594 
7.980 | 8.006 
8.403 | 8.429 
8.836 | 8.864 


2.492 
2.730 
2.980 
3.241 
3.512 


3.794 
4.087 
4.391 
4.706 
5.032 


5.369 
5.717 
6.075 
6.444 
6.825 


7.216 
7.619 
8.032 
8.456 
8.891 


AREA — Square Feet 


2.506 | 2.521 


2.746 | 2.761 
2.996 | 3.012 
3.257 | 3.274 
3.529 | 3.547 
3.812 | 3.830 
4.106 | 4.125 
4.411 | 4.430 
4.727 | 4.746 
5.053 | 5.074 
5.390 | 5.412 
5.739 | 5.761 
6.098 | 6.121 
6.468 | 6.492 
6.850 | 6.874 
7.241 | 7.266 
7.644 | 7.670 
8.059 | 8.085 
8.483 | 8.510 
8.919 | 8.946 


CIRCLES — AREAS (Continued) 


| 2.580 
| 2.823 


3.076 
3.341 
3.616 


3.903 
4.200 
4.808 
4.827 
5.157 


5.498 
5.850 
6.213 
6.586 
6.971 


7.366 
7.772 
8.190 
8.618 
9.057 


2.595 
2.838 
3.093 
3.358 
3.634 


3.921 
4.219 
4.528 
4.848 
5.179 


5.520 
5.872 
6.236 
6.610 
6.995 


7.392 
7.798 
8.216 
8.646 
9.085 


2.625 
2.869 
3.125 
3.392 
3.669 


3.958 
4.257 
4.567 
4.888 
5.221 


5.563 
5.917 
6.282 
6.657 
7.044 


7.442 


7.850 
8.269 
8.700 
9.140 


(aA 


FRACTION (in.) 


DIAMETER 
WHOLE NO. 
(Inches) 


41 
42 
43 
44 
45 


46 
47 
48 
49 
50 


51 
52 
53 
54 
55 


56 
57 
58 
59 
60 


Table 2. 
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CIRCLES — AREAS (Continued) 


— ee eae nn a 
DIAMETER 


Ae 


% 


AREA — Square Fe 


9.337 
9.793 
10.26 
10.74 
11.23 


11.73 
12.24 
12.76 
13.30 
13.84 


14.40 
14.96 
15.54 
16.13 
16.72 


Ac 


9.366 
9.822 
10.29 
10.77 
11.26 


11.76 
12.27 
12.80 


13.33 


13.88 


14.43 
15.00 
15.58 
16.16 
16.76 


17.37 
17.99 
18.63 
19.27 
19.93 


Ya 


9.394 
9.851 
10.32 
10.80 
11.29 


11.79 
12.31 
12.83 
13.36 
13.91 


14.47 
15.03 
15.61 
16.20 
16.80 


17.41 
18.03 
18.67 
19.31 
19.96 


Ae 


% 


% 


